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Editor’s note: The New Buildings Insti-
tute (NBI) is conducting a Public Interest
Energy Research (PIER) project for the Cal-
ifornia Energy Commission (CEC). NBI’s
project is called Integrated Energy Systems -
Productivity and Buildings Science Pro-
gram. As the name suggests, it is not indi-
vidual building components, equipment, or
materials that optimize energy efficiency.
Instead, energy efficiency is improved
through the integrated design, construction,
and operation of building systems.The over-
all project has several elements, covering
HVAC, thermal distribution,
daylighting/skylighting, ceiling systems, and
exterior-lighting systems. The focus of this
article is on small HVAC systems for com-
mercial buildings.

D irect expansion (DX) air
conditioners and heat
pumps cool more than half

of the total commercial new construction
floor space in California. Of these, single-
package rooftop air conditioners domi-
nate the market, representing approxi-
mately three-quarters of the total DX
system capacity. The rooftop air-condi-

tioner market is dominated by small sys-
tems, defined here as systems 10 tons and
smaller, representing almost 60 percent
of the total installed DX cooling capacity.
The most popular unit size (in terms of
units sold) is 5 tons; the second most
popular unit size is 10 tons (figures 1–3).

These small rooftop units are the
“workhorses” of the commercial-build-
ings industry, yet many systems fail to
reach their full potential due to problems
with design, installation, and operation.
The focus of this article is on building de-
sign, sizing, and specification issues; fu-
ture articles will address installation, op-
erations and maintenance, and
commissioning.

DESIGN ISSUES
Roofing materials. Roofing materials

with low solar absorptance and high
thermal emittance (“cool” roofs) can re-
duce peak HVAC loads and energy con-
sumption. Cool roofs work to reflect so-
lar radiation while enhancing radiant
heat transfer to the sky, thus reducing the
“roof” load of the building. Reductions
in heat gains though the roof impact the
temperature of the plenum space located
between the drop ceiling and the roof,
which contains the majority of the duct-
work in small commercial buildings.
Duct heat gains and air-leakage losses (es-
pecially on the return side) can increase
HVAC loads on the order of 30 percent,
so a cool plenum can reduce energy con-
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FIGURE 1. Floor space distribution of HVAC systems in new commercial buildings in
California. Note that single-package DX air conditioners are the most popular HVAC-
system type in new construction in the state, cooling about 44 percent of the total floor
space. 
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sumption and improve occupant com-
fort, especially in commercial buildings
where systems run continuously during
occupied hours. Cool roofs can also re-
duce the outdoor air temperature at the
roof level. 

Insulation location. The roof or ceiling

insulation location can also have a major
effect on HVAC system performance.
Roof insulation can be installed directly
on the roof deck, while ceiling insulation
is generally applied on top of the drop
ceiling (“lay-in” insulation). When the

insulation is applied to the roof, the
plenum is located within the thermal en-
velope of the building, and the impacts
of duct conductive losses and duct leak-
age on HVAC system efficiency are sub-
stantially less. Lay-in insulation generally
has incomplete coverage, because com-
mon recessed lighting fixtures cannot be
insulated, and the insulation is often dis-
turbed after construction for a variety of
reasons (Photo A).

Sizing issues. Many small HVAC sys-
tems are significantly oversized, resulting
in inefficient operation, reduced reliabil-
ity due to frequent cycling of compres-
sors, and poor humidity control. Over-
sized systems also result in wasted capital
investment in both the HVAC unit and
the distribution system. Oversizing also
affects the ability of the system to provide
simultaneous economizer and compres-
sor operation, and exacerbates problems
with distribution-system fan power be-
cause larger units are supplied with larger
fans. The resulting larger duct systems
also present more surface area for heat
transfer and greater air leakage potential.

A variety of sizing methodologies are
used to determine HVAC system size, in-
cluding “rule of thumb” sizing based on
square foot per ton, manual methods

(e.g., ACCA Manual N), and computer-
ized load calculations. Although com-
puterized methods are used most fre-
quently, the assumptions used to develop
input data can lead to oversizing. Engi-
neers often base HVAC-sizing decisions

on the full nameplate or “connected”
load of computers, copiers, printers, and
so on, and assume simultaneous opera-
tion of such equipment. In fact, most of
this equipment operates at a fraction of
the nameplate value and rarely operates
simultaneously.

The peak occupant load and the corre-
sponding ventilation load can contribute
substantially to equipment capacity in
certain spaces, such as lobbies and public
assembly areas. Often, actual occupant
loads are substantially less than peak
egress loads that the building codes defer
to. While code changes may be in order,
it also makes sense for designers to know
the applicable code well and balance
good air quality with energy efficiency.
Many building codes reference
ASHRAE Standard 62, Ventilation for
Acceptable Indoor Air Quality, which al-
lows the designer to base the design on a
realistic occupant density, so long as justi-
fication is provided. Demand-controlled
ventilation (DCV) is becoming popular
and is offered by several manufacturers as
a factory-installed option in packaged
equipment. This provides ventilation tai-
lored to actual occupant loads at any
point in time.

SELECTION ISSUES
Unit efficiency. Energy codes are gener-

ally set to correspond to the basic “stan-
dard-efficiency” HVAC unit. High-effi-
ciency units are available in most size
ranges that are 10-20 percent more effi-
cient than code. These units generally in-
corporate larger heat exchangers, effi-
cient compressors, improved cabinet
insulation, and higher-efficiency fans
and motors. Design should focus more
on the rated full load energy efficiency ra-
tio (EER), because the seasonal energy ef-
ficiency ratio (SEER) may not be a good
indication of unit efficiency during peak
cooling loads. 

Fan power. Efficient fans are important
in commercial applications because they
generally run continuously during occu-
pied periods. In systems equipped with
economizers in mild climates such as
coastal California, fan energy can be a
significant portion of the total HVAC
energy consumption. The static-pressure
assumptions used to generate system-ef-
ficiency ratings are lower than those en-
countered in the field. Fan power during
normal operation can be 50 percent
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FIGURE 2. Distribution of DX system types
by installed capacity. Single package
equipment is the most popular packaged
DX system type in new commercial
buildings. Split systems and heat pumps,
although present, do not represent a large
fraction of the number of systems or
installed cooling capacity.

FIGURE 3. Distribution of packaged DX system size. In terms of number of systems
installed, the most popular packaged DX system size is 5 tons. Units between 1 and 10
tons represent close to 90 percent of the total unit sales in new buildings in California.
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greater than rated values. Limiting the use of flex ductwork can
substantially reduce static pressure and fan power.

Economizers. Economizers are required by code in some units
and used in many smaller units. Our research shows failure rates
approaching 70 percent.  Although most manufacturers offer a
factory installed economizer, the majority of economizers are
installed by the distributor or in the field. Specifying a factory
installed and fully run-tested economizer can improve reliabil-
ity

Thermostats. The primary function of the thermostat is to
control the heating and cooling output of the unit, but most
thermostats also control the operation of the supply fan.  Fans
are required to run continuously during operating hours, and
cycle on and off with a call for heating or cooling during unoc-

PHOTO A. Lay-in insulation applied to a warehouse-to-office
conversion project. Note the poor insulation coverage and
ductwork located in an unconditioned space.

cupied hours.  Most of the systems we studied have the capabil-
ity to implement this strategy, yet were not set up correctly, with
potentially severe implications for indoor air quality (Figure 4).
Designers should specify controls with “default” settings that
are appropriate for commercial applications and that are user
friendly.

SUMMARY
While specifying high-efficiency HVAC equipment is im-

portant, a host of other design and specification issues, such as
roof color, insulation location, sizing assumptions, thermostat
type, and economizer supplier can influence the energy effi-
ciency and comfort of buildings with small HVAC systems.
Next month, we will address several installation issues that can
help to improve the efficiency of small HVAC systems in com-
mercial buildings.
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FIGURE 4. Effective ventilation rate for HVAC units with continuous and cycling fans. In both cases, the minimum outdoor air damper is
set to provide 15 cfm/person of outside air. The code-compliant case used continuous ventilation and an air-side economizer.
Economizer operation increased the effective ventilation rate above the nominal 15 cfm/person rate. A unit not equipped with an
economizer and operated with cycling fans provided an effective ventilation rate of less than 5 cfm/person in most climate zones.
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